Abstract. This paper deals with an image stabilization of tele-surgical tobot based on image sensor. The proposed method easily adjusts to changes in the environment through corner detection, and tracks the location of surgical tools in real-time using optical flow. In addition, the images are further stabilized by using the exponential smoothing method.
Introduction
Surgical robots perform an operation by showing the surgical site through the monitor. In the process, visual difficulties arise when there is a difference between the image that the surgeon wants to see and what the robot displays on the monitor. Visibility issues can be solved by using either software or hardware technology. The approach using hardware is to improve the quality of the laparoscope itself by increasing the degree of freedom(DOF) for greater visibility [1] . The software solution is to enhance image stability by using the image processing method to track surgical tools [2] [3] [4] . The image processing method, however, has a drawback of not being able to follow the changing conditions of the target surgical tools during the surgery as it recognizes the surgical tools based on previously inputted data.
This paper proposes an image stabilization method of the surgical robot using both corner detection to extract the feature points and optical flow to predict movement. In order to overcome the weaknesses shown in previous studies, this method is made to adjust to surrounding changes by corner detection and to estimate the movements of the surgical tools using optical flow. In addition, the images are further stabilized by using the exponential smoothing method.
The proposed method generates the corner map using Harris corner detector widely which is used to extract feature points. The surgical images through the laparoscope or endoscope, displayed in circular forms, have multitude of mis-recognized feature points near the margins of the images as shown in Figure 1 (a) . This stage enables the elimination of the mis-recognized feature points by generating the corner map with previously set region of interest (ROI) as illustrated in Figure 1 (b) .
(a) mis-recognized feature points (b)mis-recognized feature points at the margin after setting ROI The proposed method enables to estimate the local motion by extracting the feature points from the initial frame and by applying LK optical flow to the extracted feature points from next frame, as shown in Figure 2 . In order to compensate the image, GMV of image needs to be estimated using LMV. The proposed method estimated GMV using the mean LMV estimated in the previous section as in the following equation:
The exponential smoothing method refers to an analysis in which the correlation of the input data shifts more emphasis on the recent data than the previous ones. It is widely used in the data analysis in that it is comprehensible at first sight and convenient to use. [5] The proposed method uses the exponential smoothing method, the time series analysis, to compensate the images. The way to find the stabilization motion vector (SMV) using exponential smoothing method is illustrated in the following equation (2)
The compensation vector can be found after finding SMV using the difference between GMV and SMV as shown in the equation (3):
Finally, the proposed method enables to stabilize the image by shifting the image by CMV. Figure 3 illustrates the SMV and CMV graphs extracted from images with tremor of surgical tools. In order to evaluate the performance of the proposed method in this paper, a flexible endoscope [1] was installed on the surgical robot Raven [6] . The experiment was then conducted by capturing 25 frames per second from the 800ⅹ600 resolution surgical robot scan.
(a) reference frame (b) current frame (c) result frame without compensatio with compensation Figure 4 (c) is the compensated image which shows the location of the surgical tools is compensated, thus the surgical tools less tremble.
Conclusion
This paper proposed the image stabilization method using the corner detection to extract feature points and the optical flow to track motion. The proposed method extracted the feature points to be resilient to the environment changes using corner detection, and estimated the motions of the surgical tools real time using LK optical flow. In addition, more stable images are made available through the image stabilization method adopting the exponential smoothing method, a way of time series analysis.
